Technology development in phenotypic characterization has played a catalytic role in biomedical research and has allowed superior understanding of pathogenesis, diagnosis, and management of cardiovascular diseases. In their review in this issue of the Journal of Nuclear Cardiology, Wilk et al. 1 describe the promise of marrying two sophisticated clinical imaging modalities that rely on unrelated detection strategies-positron emission tomography and magnetic resonance imaging. The combination of these two powerful technologies, already largely employed jointly in the management of patients of cancer, are equipped to open new vistas into cardiovascular pathology, as outlined by the state-of-art review that focusses on imaging myocardial inflammation after acute myocardial infarction (AMI). Among various cardiovascular diseases, the choice of acute myocardial infarction is logical, relatively easily accessible, and likely to accrue substantial gains.
AMI leads to highly dynamic immune system adaptions 2 , with large imaging biomarker deviations from the steady state and important consequences for subsequent disease trajectories ( Figure 1 ). The most numerous leukocytes that propagate inflammation in the heart are macrophages. Even the healthy heart contains a sizable population of macrophages; they comprise 7%-8% of the non-cardiomyocytes. These macrophages are heart-specific, differ from macrophages that reside in other organs and evolve from local proliferation in the heart. Their subsets do not resemble M1/M2 phenotypes reported in vitro 3 . The nomenclature currently established describes four macrophage subsets identified by the surface markers MHCII and CCR2 4 , with additional markers emerging. The heterogeneity of macrophages is a rapidly expanding discipline, as single cell RNA sequencing studies suggest that many more than just these four subsets are likely present 5 . Ongoing work is striving to define macrophage subset-specific functions, as only deciphering specific function would make identifying cell subsets meaningful.
In AMI, the resident macrophage population dies quickly alongside ischemic cardiomyocytes 6 . Subsequently, the ischemic wound recruits monocytes from the blood, which are produced in the bone marrow and spleen 2 . This is an important switch in cell origin which may facilitate the dynamic changes in macrophage function over the next days, when a constantly replenishing ensemble of leukocytes is hard at work repairing the infarct for up to 2 weeks. The phenotypes of these cells are in flux and become less inflammatory as time progresses. We propose to describe these phenotypes as ''inflammatory macrophages'' early on and ''reparatory macrophages'' in later stages. Macrophages may play a reparatory role initially by modulating the number and function of the recruited fibroblasts and subsequently more directly by converting into fibroblast-like cells and depositing collagen and extracellular matrix 7, 8 . The newly converted fibroblasts do not express many fibroblast markers of conventional fibroblasts. Transcription factor KLF4 has been shown to facilitate phenotypic transition, and its up-regulation during the healing phase of mouse myocardium in CD90 ? F4/80 ? cells indicates an ongoing macrophage to fibroblast transition.The newly converted pathogenic fibroblasts perhaps lack the control, competence, and finesse of a conventional fibroblast in maintaining collagen homeostasis and may engage in uncontrolled deposition of collagen and extracellular matrix. Understandably so, therapeutic strategies are being explored aggressively aimed at modulating inflammation during AMI. In the recently presented COLCOT study, colchicine-a potent antiinflammatory medication that is indicated for the treatment of gout and pericarditis, at a small daily dose led to a significantly lower percentage of post-infarct patients with ischemic cardiovascular events than placebo. 9 The benefits of colchicine with regard to cardiovascular end points in COLCOT were at least as large as those of canakinumab in CANTOS, wherein interleukin-1b (IL-1b) blockade was investigated. 10 The use of experimental parabiosis surgery in animals has shown that IL-1b increase bone marrow hematopoietic stem cell proliferation after AMI and contributes to myocardial inflammation leading to heart failure after AMI 11 . A clinical trial with an IL-1 blocker, anakinra, showed prevention of heart failure in patients with ST-segment elevation AMI when treated for 14 days during the index event 12 . Whether and how the treatment affected the recruitment of inflammatory cells within the heart of the patients with AMI remains unexplored.
While our insight into the complex inflammatory processes after AMI expands due to single cell diagnostics, the current clinical tools fall short of providing any such insight. Mostly, we are limited to blood biomarkers such as C-reactive protein and differential leukocyte counts. Given the multitude of processes that regulate the number and heterogeneity of leukocytes in tissue, including recruitment, differentiation, phagocytosis and apoptosis, blood biomarkers provide an incomplete picture of what happens in the heart. To explicitly understand the local events in diseased tissue and how to best optimize them therapeutically, we would need time-resolved quantification of leukocyte numbers, subsets, and cell functions such as removal of Figure 1 . PET-MRI is poised to report not only on cardiac anatomy and function but also on molecular processes that determine recovery from AMI, including inflammation, fibrosis, and angiogenesis. tissue and instigation of fibrosis. Such complex in vivo imaging is very difficult to achieve, even in the mouse. In preclinical systems, the versatility of fluorescence imaging has pushed the number of simultaneously and non-invasively sampled imaging biomarkers to four. This is currently not possible in patients, however, PET-MRI expands these capabilities to two independent molecular or cellular biomarkers-a big step forward for clinical imaging. The most exciting applications for this modality will enable sampling two inflammation-related, orthogonal biomarkers, for instance the number of macrophages (using PET isotope labeled nanoparticles) and their predominant phenotype (using smart MRI agents such as MPO-Gd) 10 . Such hybrid data sets will inform whether there is an oversupply of leukocytes, whether inflammatory cell phenotypes persist for too long, or both; and could trigger interventions tailored to the specific situation and patient. Such imaging scenarios are currently unavailable clinically, and may be unaffordable for large-scale adoption once they reach clinical translation. However, non-invasive, dual imaging and molecular imaging will no doubt play important roles in translating preclinical discoveries and in clinical trials. Following on the heels of the immunotherapy revolution in oncology, similar breakthroughs are on the horizon for cardiovascular patients. Imaging should play an important role there, as an end point for intermediate trials before moving on to launching vastly expensive studies with mortality endpoints. We believe that combining PET with MRI has only started to demonstrate its potential, 13 and that clinical research applications will greatly benefit from the merger of two imaging technologies.
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